The production of soluble macrophage-activating factors by lymphocytes from syphilitic and normal rabbits was examined. Culture supernatants of splenic lymphocytes cultured with Treponema pallidum antigens or concanavalin A were incubated with rabbit peritoneal macrophages in vitro. The macrophage monolayers were then washed and infected with log-phase Listeria monocytogenes. Activation of the macrophages by lymphocyte products was measured by the ability of the macrophages to resist intracellular multiplication of Listeria and thus survive infection. Macrophages incubated with supernatants of unstimulated lymphocytes or T. pallidum-stimulated lymphocytes from normal rabbits were unable to resist intracellular multiplication of Listeria. Specifically stimulated lymphocytes from syphilitic rabbits and mitogen-stimulated lymphocytes from both normal and syphilitic rabbits demonstrated a clear ability to produce soluble factors which conferred upon macrophages the ability to limit the intracellular growth of the bacteria. Antigen or mitogen alone was unable to activate the macrophages; the presence of lymphocyte products was required.
Primary infection with Treponema pallidum results in the appearance of a firm, indurated, crusted or ulcerative lesion (chancre) in humans and in intradermally infected rabbits. Rabbits infected intratesticularly develop a firm orchitis (30) . The bacteria, which multiply at the site of infection, are abundant in early lesions in the rabbit but are virtually cleared from the local site within several days after peak mononuclear cell infiltration (15) . The lesions then heal without antibiotic therapy. Although the infiltrating cells, which have been identified as T lymphocytes and macrophages (15) , are implicated in the destruction and clearance of the treponemes, the exact mechanism is not known. It has been proposed by several investigators (2, 10, (15) (16) (17) (18) that macrophages, particularly activated macrophages, may be the ultimate effector cells in the clearance of treponemes from early lesions.
The central role of macrophages in immunity to infectious diseases such as listeriosis (13, 19) , toxoplasmosis (12) , and tuberculosis (23) is well described. In these infections, destruction of the infectious organism is mediated by macrophages that have been activated by secreted products of specifically sensitized T lymphocytes. The initial sensitization of lymphocytes and the subsequent release of macrophage-activating factors (MAF) are triggered by a specific antigen. Once macrophage activation is accomplished, phagocytosis and destruction of antigenically unrelated organisms can occur (12) ; the effector mechanism is nonspecific.
Macrophage activation has been assessed by a variety of physical, biochemical, and functional parameters (4, 5, 21) , including increased spreading capacity and membrane ruffling, increased production of superoxide anion, ATP, secretory enzymes, and lysosomal constituents, and increased phagocytic, microbicidal and tumoricidal activity. With the exception of microbicidal and tumoricidal capacity, stimulant-induced (inflammatory) macrophages share the changes in the physical and biochemical parameters described above. Only macrophages which have been activated by a lymphokine-mediated event acquire a cytocidal capacity.
Macrophages may be activated by lymphokines in vitro, with resultant microbicidal activity. This has been described for many experimental systems (4, 5, 12, 23) . In preparation for an examination of the interaction of activated macrophages with T. pallidum, the production of MAF by antigen-and mitogen-stimulated lymphocytes from syphilitic and normal rabbits was examined. This report presents evidence that treponemal antigens will induce the production of soluble MAF by specifically sensitized lymphocytes. Concanavalin A (ConA) induces MAF production by lymphocytes from both normal and syphilitic rabbits.
The animals were housed individually and given antibiotic-free food and water ad libitum; rabbits used as sources of treponemes were maintained at 18 to 20°C.
Serological tests. Before use, all rabbits were bled and tested by Venereal Disease Research Laboratory and fluorescent treponemal antibody absorption tests (31) . Known negative and positive rabbit sera were employed as controls. Venereal Disease Research Laboratory reagents were obtained from Scientific Products Div., McGraw Park, Ill. The fluorescent treponemal antibody absorption test was modified for use with rabbit serum. Antigen and sorbent were obtained from Palomar Chemicals, Carlsbad, Calif. Fluorescein-labeled goat anti-rabbit immunoglobulin G (Cappel Laboratories, West Chester, Pa.) was used at a final dilution of 1:1,600.
T. paUidum. T. pallidum, Nichols strain (generously provided by James N. Miller), was maintained by rabbit testicular passage as described previously (17) . For infection of experimental animals, infected testes were sliced longitudinally and extracted by rotation in 10%o Venereal Disease Research Laboratory nonreactive rabbit serum in 0.14 M saline. The extraction medium, containing treponemes, was centrifuged at 280 x g for 10 min to pellet gross cellular debris; the motile organisms in the supernatant were counted by dark-field microscopy and adjusted to approximately 3 x 107 T. pallidum cells per ml. Serologically nonreactive rabbits were infected intratesticularly with 1.0 ml of treponemal suspension per testis.
Cell cultures. Peritoneal macrophages were obtained from proteose-peptone-injected normal rabbits and placed in culture dishes containing cover slips as previously described (18) . After incubation at 37°C for 2 to 3 h and removal of nonadherent cells, the culture medium was replaced with fresh medium or lymphocyte culture supernatants; incubation was continued at 37°C for 36
h.
The macrophage monolayers were then washed three times in warm BSS and infected for 1 h at 37°C with 2 x 107 to 5 x 107 log-phase Listeria monocytogenes cells in medium 199-10o nonreactive rabbit serum. Extracellular bacteria were then removed from the culture dishes by vigorous extensive washing with warm BSS; fresh culture medium was added, and incubation was continued at 37°C.
At 0, 4, 12, and 24 h after infection of the macrophages with Listeria, the monolayers were washed twice with BSS, fixed with methanol, and stained with Wright-Giemsa stain. The cover slips were then inverted onto microscope slides. The resistance of the macrophages to the Listeria challenge was determined by counting the number of macrophages remaining in 10 random high-power microscope fields (12) ; counting was performed without knowledge of the experimental condition represented by each slide.
Antigens and mitogens. T. pallidum antigen was prepared by sonication of whole washed T. pallidum, Nichols strain, as described previously (17) . The antigen concentration used in the lymphocyte cultures (equivalent to 4 x 107 T. pallidum cells per ml) was determined by titration to be optimal. ConA was used at a concentration of 4 ,ug/ml. L. monocytogenes. L. monocytogenes A1581 was generously provided by Patricia Totten, University of Washington, Seattle. The organisms were stored at -70°C in tryptic soy broth (Difco Laboratories, Detroit, Mich.) containing 25% horse serum. For infection of macrophage monolayers, the bacteria were grown in tryptic soy broth for 18 h at 37°C, washed three times with BSS, and suspended in medium 199-10%o nonreactive rabbit serum. For quantitation of the inocula, dilution plates were prepared on tryptic soy agar (Difco Laboratories).
Statistical analysis. The mean percentages of macrophages remaining at various times for each experimental condition were compared by Student's t test. In all cases, differences between compared groups were considered to be significant when P < 0.05. RESULTS Effect of infection with L. monocytogenes on in vitro survival of rabbit peritoneal macrophages. Proteose-peptone-induced rabbit peritoneal macrophages were harvested and placed in culture as described above. At 0, 4, 12, and 24 h after infection with L. monocytogenes, monolayers were washed, fixed, and stained; the number of macrophages remaining in 10 random high-power microscope fields was determined. Replicate monolayers which were not infected with Listeria were also counted. The mean percentages of macrophages remaining at each time point (compared with 0 h) from six separate experiments are shown in Fig. 2 . Macrophages which are not infected with Listeria survive well in vitro: more than 70%o remain in the monolayer for 24 h. On the other hand, infection with Listeria results in a significant decrease in macrophage survival as early as 4 h after infection. At 12 and 24 h, only 20 and 4% of the macrophages survived in the monolayers, respectively. Listeria could be observed by microscopic examination within surviving macrophages. Thus, L. monocytogenes can infect rabbit peritoneal macrophages and significantly decrease macrophage survival in vitro.
Effect of lymphocyte culture supernatants on activation of macrophages. Splenic lymphocytes from normal and syphilitic rabbits were placed in culture with and without T. pallidum antigen or ConA. Supernatants from these cultures were incubated with peritoneal macrophage monolayers, and the monolayers were then infected with Listeria. The effects of supernatants from normal lymphocytes are shown in Fig. 3 . Although supernatants from unstimulated and T. pallidumexposed normal lymphocytes afforded the macrophages no protection against infection with Listeria (21 and 18% survival at 12 h, respectively), supernatants from ConA-stimulated lymphocytes caused activation of the macrophages and consequent protection (83% survival).
As shown in Fig. 4 , supernatants collected from lymphocytes from syphilitic rabbits were capable of activating macrophages after in vitro stimulation with ConA and thus were able to confer protection against Listeria infections (90% survival with stimulated lymphocyte supernatants versus 36% survival with unstimulat- lymphocytes from normal rabbits responded well to the mitogen ConA but showed no response to treponemal antigens. On the other hand, lymphocytes from syphilitic rabbits showed significant proliferation in response to both T. pallidum antigens and ConA. DISCUSSION A role for activated macrophages in resistance to early syphilitic infection has been proposed by several investigators (2, (15) (16) (17) (18) 28) . The infiltration of early lesions by T lymphocytes and macrophages and the resultant clearance of treponemes from those sites strongly suggest a local T cell-macrophage-T. pallidum interaction (15) . The cellular infiltration of syphilitic lesions is very similar to that seen in mycobacterial infections (tuberculosis and leprosy), in which activated macrophages have been demonstrated VOL. 37, 1982 on August 14, 2017 by guest http://iai.asm.org/ Downloaded from to be important effector cells. This report provides direct evidence that lymphocytes from syphilitic rabbits produce soluble products (MAF) which can activate macrophages in vitro. The production of these factors by T. pallidumstimulated T lymphocytes required prior sensitization of the lymphoid cells; lymphocytes from nonsyphilitic rabbits did not produce MAF in the presence of treponemal antigens. ConA, on the other hand, stimulated the production of MAF by lymphocytes from both normal and syphilitic rabbits.
Earlier evidence for the existence of activated macrophages during syphilitic infection has been indirect. Schell and Musher (25) (3) .
A number of investigators have examined the ability of lymphocytes from syphilitic humans or rabbits to produce macrophage or leukocyte migration-inhibitory factors. The results are somewhat contradictory. Although two studies (20, 24) clearly demonstrated migration-inhibitory factor production by lymphocytes from syphilitic rabbits, other investigators were unable to demonstrate antigen-induced inhibition of leukocyte migration in patients with various stages of syphilis (6) . Two additional studies revealed enhanced macrophage migration in early human (7) or rabbit (32) syphilis, with migration inhibition appearing only later in the course of infection.
Clearly, the role of macrophages in resistance to syphilitic infection remains unresolved. Although the in vitro phagocytosis of T. pallidum by proteose-peptone-induced rabbit peritoneal macrophages has been described by Lukehart and Miller (18) , the direct interactions of lymphokine-activated macrophages with virulent T. pallidum have not been examined. The demonstration that rabbit macrophages can be activated in vitro by products of T. pallidum-sensitized lymphocytes provides a useful experimental system for the investigation of these interactions. Such an examination may provide a key to the further definition of host-parasite relationships in syphilitic infection. 
